Pulsed microwave radiation in a tuning range from 10 to 30 GHz has been generated through the parametric interaction of two near-infrared pulses in GaP crystals at low temperatures.
Pulsed microwave radiation in a tuning range from 10 to 30 GHz has been generated through the parametric interaction of two near-infrared pulses in GaP crystals at low temperatures. The power of the microwave pulses (duration 30 nsec) was of the order of 1 mW. The pump pulses were generated with a Nd:YAG laser emitting simultaneously at two frequencies, within the bandwidth of the 1.064-Am transition, as a result of an 6talon output coupler.
The generation of microwave difference frequencies was demonstrated first by mixing axial modes of a ruby laser in crystalline quartz.' Microwaves were also generated by mixing adjacent vibrational-rotational lines of a Q-switched CO 2 laser in GaAs crystals 2 ; the microwave power at the difference frequency (53.5 GHz) between the P(18) and P(20) CO 2 laser lines was estimated to be several microwatts. Recently 3 the 3-GHz-bandwidth beam of a pulsed dye laser was passed through a Fabry-Perot 6talon with a free spectral range adjustable from 2.6 to 4 GHz. Tunable microwave radiation within this frequency range was generated by focusing the 6talon output into a LiTaO 3 crystal. A microwave peak power in the nanowatt range was obtained. In this Letter a microwave source with a tuning range from 10 to 30 GHz and with a peak power of milliwatts, based on difference frequency mixing, is reported.
The experimental arrangement is shown in Fig. 1 . A commercial Q-switched Nd:YAG laser produced pulses of 30-nsec duration with energies up to 200 mJ.
As the output coupler an 6talon consisting of two 3-mm-thick and slightly wedged quartz plates was used. By moving one of the plates parallel to the resonator axis, the free spectral range v of the 6talon was changed. With this simple arrangement simultaneous lasing at two lines, v, and P 2 = p 1 + v, was obtained for values of v between 10 and 30 GHz; the 1.064-,gm line of Nd 3 + in YAG is homogeneously broadened and has a width of 6.5 cm- 1 . 4 For spectral measurements of the synchronous laser output the laser radiation was frequency doubled and analyzed with a double-grating monochromator.
The 1.064-gxm radiation was guided onto a 4-mmthick GaP crystal mounted inside an optical cryostat. Laser radiation leaving the crystal was blocked with black polyethylene. For measurement of the wavelength of the microwave radiation a standing-wave resonator was attached to the cryostat. Microwave power was coupled out with a small antenna movable in a slit along the waveguide and was detected with a Schottky diode detector. The diode signal was displayed on an oscilloscope and recorded with a transient recorder.
A microwave pulse is shown in the inset of The dependence of microwave intensity on pumppulse energy P is shown in Fig. 3b . P has been varied between 1 and 200 mJ, leading to a change of nearly 4 orders of magnitude in the microwave intensity. The Schottky detector signal is proportional to P 2 (solid line). At high P, a deviation from this behavior is observed that may be attributed to detector saturation.
In the collinear pumping-beam arrangement that was used, the growth of the microwave differencefrequency power can be obtained within a coherence length L, = 1/2 Xm(lnm -ni) , 6 where It should be possible to reach larger values of Lc by using loaded waveguides. 2 Because of the strong absorption (ae 3 cm-') of the pump radiation, probably caused by impurities, crystals could be pumped only over a length of about 2 mm, which is much smaller than L,. Therefore the phase is almost perfectly matched over the interaction length in the crystal, and the microwave power is given by
AXm2 ~i~nm (2) where PI and P 2 are the powers of the pump radiation at the frequencies PI and (1) where d1 4 is the electro-optic nonlinear coefficient. higher temperatures and cause strong absorption of the microwave radiation. Therefore the experiment was carried out at a crystal temperature of 30 K. The microwave intensity decreased by 50% at 90K, and for T > 130 K the intensity was smaller than 1% of the low-temperature value. A similar behavior has been observed in a transmission experiment using a 10-GHz klystron as a microwave source. The dependence of the microwave transmission on temperature can be explained well by assuming absorption due to shallow impurities with ionization energies in the range of 50 to 100 MeV, which is a typical energy range for shallow impurities in GaP.
In conclusion, tunable microwave nanosecond pulses have been generated by difference-frequency mixing of optical pulses from a Nd:YAG laser. A tuning range from 10 to 30 GHz has been demonstrated, and the microwave wavelength has been determined directly from the intensity distribution inside a standing-wave resonator. For the first reported time a microwave power in the milliwatt range has been reached by using an optical nonlinear generation technique. A further increase of microwave power is expected by using crystals that have negligible absorption at the 1.064-,gm pump wavelength.
